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General Approach for SensorWeb 

•   Goal:  Enable user to cost-effectively find and create customized data products 
to help manage disasters 

•   On-demand 
•   Low cost and non-specialized tools such as Google Earth and browsers 
•   Access via open network but with required security (at minimum to NASA 

requirements) 
•   Use standards to interface various sensors and resultant data 

•   Wrap sensors in Open Geospatial Consortium (OGC) standards 
•   Wrap data processing algorithms and servers with OGC standards 
•   Use standardized workflows to orchestrate and script the creation of these data 

products 
•   Target Web 2.0 mass market 

•   Make it simple and easy to use 
•   Leverage new capabilities and tools that are emerging 
•   Improve speed and responsiveness 
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SensorWeb High Level Architecture 
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Opera&ons Concept SensorWeb 3G 

create, edit, test algorithms/
classifiers for use onboard space‐
based sensors 

transform algorithm 
into mobile agent 

HyspIRI Intelligent Payload 
Module (IPM) 

upload mobile 
agent 

run onboard automa&cally 

1

2

3

4

Ground Sta&on 

5 download customized 
low‐latency onboard 
generated data 
products  

Image data products‐ 
Phil Dennison  2008 6 
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•  20 Mbps Direct Broadcast (10Mbps data  
 throughput) 

•  Downlink Select Spectral Bands 
•  Select L‐2 Products 
•  Con&nuous Earth‐view Broadcast 

132 Mbps 
Mul&spectral 
Thermal InfraRed 
(TIR) Scanner 

804 Mbps 
Hyperspectral Visible 
ShortWave InfraRed 
(VSWIR) Imaging 
Spectrometer 

Spectral  
    Range 380 to 2500 nm 
     10 nm bands 
Spa>al 
    Range ~146 km  
                  ( 13.2 deg. at 626km) 
    Cross‐Track Samples >2560 
    Sampling 60 m 

Spectral 
Bands (8) 3.98 μm, 7.35 
μm, 8.28 μm, 8.63 μm, 9.07 
μm, 10.53 μm, 11.33 μm, 
12.05 
Spa>al 
  IFOV 60 m 
  Range 600 km (±25.3° at 
626 km) 

HyspIRI Use Case for SensorWeb 3G 
HyspIRI Low Latency Data Product Concept 

Direct  
Broadcast 
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HyspIRI IPM Highlights 
2009 HyspIRI version of Intelligent Payload Module (IPM) 
   – Each instrument has microprocessor 
   – Add high performance computer as user driven intelligent processor 
Func>onality 
• Real &me receipt of VSWIR and TIRS data  
• Direct Broadcast Downlink at 20 MBPS (10 Mbps throughput) 
• Uploadable user developed classifica&on algorithms via S‐band 
• Automated onboard workflows execute algorithms 
• Onboard planner func&onality to enable downlink of messages and data 
subsets via direct broadcast or S‐band for rapid turnaround  
• Onboard science data processing (i.e. cloud screening,  thermal summary) 
other onboard data reduc&on func&onality 
• Related ground sogware to enable desktop data delivery, loadable 
classifiers 
• Basic architecture, ground and flight sogware being developed under 
2 ea 3 year ESTO awards (Mandl/GSFC, Flatley/GSFC) 
• Based on already exis&ng EO‐1 Sogware, upgraded for HyspIRI flight 
computer 
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HyspIRI Data Flow 
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Data Generator Worksta>on 

•    Generates test data and streams it 
to the board at rate up to 800Mbps. 

NETGEAR Gigabit Switch 

•    Allows the board and the data 
generator worksta&on to connect at 
Gigabit speed. 

Virtex‐5 FPGA  

•   GSFC Space Cube 2 core FPGA   
•   Configured as dual 400MHz PPC design 
•   Capable of running with Linux or in a 
standalone mode 

Xilinx ML510 Development Board 

•    Enables the development team to 
verify the Virtex‐5 while the GSFC 
Space Cube 2 is finalizing the design 

Compact Flash 

•    Ext3 formajed file 
system with Linux 
libraries and tools 

PlaYorm Cable USB 

•    Provides an easy 
method for debugging 
sogware running on the 
board 

Low Fidelity HyspIRI IPM Testbed 
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HyspIRI VSWIR Data Processing Architecture Only 
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TBD 
GB 
Flash 

LEON or 
Micro‐
Blaze 

~ 230 Mbps hyperspectral data 

~ 230 Mbps 

hyperspectral data 

20 Mbps 
Download 

•   Each data stream has ¼ swath (~36 km) all spectral 
bands 
•   PPC’s boot from shared RAM via small FPGA boot 
loader 
•   LEON loads PPC program from EEPROM or ground 
•   Each PPC has dedicated SDRAM for science data 
•   LEON combines results, controls flash recording 
and playback, and download 
•   Shared RAM with interrupt signals to pass data 
PPCs <-> LEON 11 



400 MHz PPC 440 

‐   Data processing 
‐   Correc&ons: geometric, 
radiometric, atmospheric 
‐   Products: cloud cover, 
fire detec&on, vegeta&on 
composi&on, oil spills, 
algae blooms, etc. 

400 MHz PPC 440 
‐   I/O Processor 
‐   Band Stripping using 
FPGA logic 

Virtex 5 

512MB 
SDRAM 

512MB 
SDRAM 

Shared 
RAM 

A Closer Look 

LEON or MicroBlaze Control 
Processor 

•   RTEMS OS 
•   cFE or dynamic so9ware bus 
•   CFDP 
•   DTN 
•   CASPER / onboard planning 
•   Fault Monitoring, recovery so9ware 
•   Flash / RAM file systems 
•   S/C command and telemetry so9ware 
•   End‐to‐end command interface 
•   Direct broadcast downlink interface 
•   Data compression 
•   SWAMO 
•   Interface support: 533, SpaceWire, Gbit 
Ethernet 
•   Non‐vola>le storage support: PROM, 
EEPROM, Flash. 

TBD 
GB Flash 

12 



HyspIRI IPM Hyperspectral Scene 
•   HyspIRI Scene at 5 second data take - 38 km x 34 km (640 pixels x 565 pixels) 
•   HyspIRI Wide-scene – consists of 4 HyspIRI Scenes 

 - 153.6 km x 34 km (2560 pixels x 565 pixels) 
•   Flight software will process 4 HyspIRI Scenes in parallel 
•   Each band consists of 640 pixels of a single spectral range 
•   Each frame will consist of 213 bands 
•   Each scene will consist of 565 frames  
•   Each Power PC processor will ping pong HyspIRI scenes, processing one scene 
while the next is flowing into memory 
•   Each scene will require 308 MB memory 
•   Scenes will be stored in memory in band sequential order in an array of words 
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HyspIRI Scene 
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Algorithms  Linux (ms)  Standalone (ms)  Linux (ms)  Standalone (ms) 

EO1 scene (256  x 1000 pixels)  HyspIRI ¼ swath (640 x 565 pixels) 

Cloud  1791  431  2170  589 

Flood  3024  937  3782  1311 

SWIL  7350  2872  10226  4058 

Sulfur  116362  29515  164978  42026 

Thermal  1103  304  1475  431 

SIWI  580  44  823  62 

NDVI  630  44  904  62 

NDWI  589  44  836  62 

32‐bit Memory Test  Write (ms)  Read + Verify (ms) 

128MB  711  1179 

256MB  1564  2365 

512MB  2942  4731 

1024MB  6673  10670 

Ini&al Benchmark Results 

Disclaimer: Code not op&mized. Performance based on a 400MHz PPC design.     

Not Op&mized! 
FPGA not leveraged 



Vision for Development of IPM Process 
Chain 

Processes  Ground  Flight 

Level 0  Yes  ‐ 

Level 1R  Yes  ‐ 

Atmospheric 
Correc&on 

Automa&on in progress  ‐ 

Dynamic 
Algorithms 

JPL 
WCPS/SWAMO 

In Testbed 

Geometric 
Correc&on 

L1G  ‐ 

Compression  CCSDS  Card Available 

Downlink  N/A  ‐ 
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Language Primi>ves  Comple>on Status 

Processing Expression  100% 

Store Coverage Expression  100% 

Encoded Coverage Expression  100% (added kmz) 

Boolean Expression  100% 

Scalar Expression  80% 

Get Metadata Expression  ‐ 

Set Metadata Expression  ‐ 

Coverage Expression  100% 

Coverage Iden&fier  100% 

Induced Expression  100% 

Unary Induced Expression  80% 

Unary Arithme&c Expression  90% 

Trigonometric Expression  ‐ 

Exponen&al Expression  ‐ 

WCPS Language Implementa&on  

More Info: hjp://www.petascope.org  16 



Language Primi>ves  Comple>on Status 

Boolean Expression  100% 

Cast Expression  ‐ 

Field Expression  80% 

Binary Induced Expression  80% 

Range Constructor Expression  90% 

Subset Expression  60% 

Trim Expression  ‐ 

Extend Expression  ‐ 

Slice Expression  ‐ 

Scale Expression  ‐ 

CRS Transform Expression  ‐ 

Coverage Constructor 
Expression 

60% 

Condense Expression  30% 

General Condense Expression  10% 

Reduce Expression  10% 

WCPS Language Implementa&on  
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Potential Use Cases:  
Extending SensorWeb 
3G to Detect Materials 

Onboard a Satellite 
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Specific Example of Possible of 
SensorWeb 3G with IPM 

SWAMO Mobile Agent
Wrapper

“Flight” Recipe

Onboard Product Generation

Direct Broadcast
in Near Real-time

Computer ScientistGIS End Users
19 



SWAMO Mobile Agent
Wrapper

“Flight” RecipeDirect Broadcast
in Near Real-time

Computer ScientistGIS End Users

Reflectance 
Algorithms 

Pajern Matching 
Algorithms 

Geometric 
Correc&on 
Algorithms 

Specific Example of Possible of 
SensorWeb 3G with IPM 
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Use Case Experiment 1 
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Experiment  1 with KNO3 Detec&on Using EO‐1  
Atacama Desert, Chile 

•   User uploads signature of interest to spacecrag 
‐  Example: Potassium Nitrate (KNO3, Niter, saltpeter) 
(USGS Spectral Library) used in Fer&lizer and Explosives.  
Major Source Can be Found in Atacama Desert, Chile. 
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Poten&al KNO3 

Detected Pixels (blue) as 
Overlay on Google 
Earth 

Product Generated Onboard: 7KB (EO-1) 
Original Raw Data: 2.7GB 
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In Less than 1 hour with
 a slow onboard CPU

Experiment 1 with KNO3 Detec&on ‐ Atacama 
Desert, Chile conducted with Earth Observing 1 
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Experiment 2 Detect Known Sulfur Pile Galveston 
Using EO‐1 
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Global Hawk Infusion 

•   Coordina&ng ramp up to integra&ng WCPS‐SWAMO‐cFE onto Global 
Hawk 
–   Test cFE on Global Hawk testbed spring 2010 (Don received cFE in Feb 2010) 
–   Test WCPS‐cFE‐SWAMO on actual mission with target being GRIP mission in Fall 2010 
–   Don Sullivan is main sogware architect for Global Hawk missions and therefore can 

authorize loading of cFE‐SWAMO onto the Global Hawk  

•   Benefit 
–   Access onboard SensorWeb planned for the atmospheric mission 
–   Near real‐&me change of onboard instrument algorithms from ground 
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Conclusion 

•   Extending SensorWeb into the flight software domain increases the flexibility and 
power of the SensorWeb 

•   New onboard high speed computers provide new opportunities to integrate 
functions formerly constrained to ground  

•   Standard interfaces provide easier access to onboard resources, thus lowering 
the barrier to entry 


